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The leaf blade anatomy of Lintonia nutans Stapf is described 
and illustrated. The results confirm that L. nutans belongs to 
the Chloridoideae but indicate that the affinities of this 
species lie with the Chlorideae and not with the Eragrostideae 
where it is currently classified . The leaf anatomy also 
suggests that L. nutans may be congeneric with those Chloris 
Swartz species which have PCK type leaf anatomy. C. 
mossambicensis K. Schum., in particular, displays close 
anatomical, ecological and morphological similarities with L. 
nutans. 
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Die blaaranatomie van Lintonia nutans Stapf word beskryf en 
gerllustreer. Die resultate bevestig dat L. nutans in die 
Chloridoideae tuishoort maar dui op verwantskappe met die 
Chlorideae en nie met die Eragrostideae waar dit tans 
geklassifiseer word nie. Die blaaranatomie van L. nutans dui 
daarop dat hierdie spesie en die Chloris Swartz spesies wat 
die PCK-tipe blaaranatomie besit, dalk tot dieselfde genus 
behoort. C. mossambicensis K. Schum., in besonder, toon 
noue anatomiese, ekologiese en morfologiese ooreenkomste 
met L. nutans. 
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Introduction 
Lintonia nutans Stapf is an occasional grass occurring in 
scattered localities in eastern and south-eastern Africa from 
Ethiopia to the Transvaal and Natal. It favours heavy soils, 
especially black, hydromorphic clay and, apparently, is 
restricted to soils of this nature which have a high saline 
content. In South Africa these brackish, turf soils are rare 
and only form small parts of some seasonally inundated 
floodplains . Nevertheless, they are consistently associated 
with a characteristic plant community dominated by Acacia 
borleae Burtt Davy. The grass layer consists of L. nutans 
and Schoenefeldia transiens (Pilg.) Chiov., which appear to 
be limited to this soil type, and Chloris mossambicensis K. 
Schum., Diplachne eleusine Nees, Dinebra retrojlexa (Yah!.) 
Panz. and Eriochloa parvispiculata C.E. Hub b., which are 
generally associated with heavy turf, soils. 
L. nutans is a perennial, stoloniferous grass with culms 
either erect or geniculately ascending . The leaf blades are 
glabrous and the ligule membranous . The inflorescence is 
usually digitate with 2- 5 spike-like racemes. Spikelets are 
plump, wedge-shaped and 4 - 10 flowered. These spikelets 
disarticulate above the persistent glumes. They are !-nerved 
whereas the lemmas are 5 -11-nerved . The central nerve is 
excurrent into a stout awn or mucro arising from the back 
of the 2-lobed apex of the lemma. 
The morphology of L. nutans is, consequently, 
reasonably distinctive and the identity of this species presents 
no undue difficulties . This contrasts strongly with the 
classification of the two species of Lintonia within the 
Poaceae where different authors disagree on tribal, and 
even, subfamily affinities. 
De Wet (1958) regarded Lintonia as being festucoid 'in 
all respects' and, therefore, placed Lintonia in the Festuceae 
of the subfamily Festucoideae. This classification conflicts 
with that of Chippindall (1955) where Lintonia was grouped 
with the Eragrosteae, which at that time, still included 
genera such as Lasiochloa Kunth , Plagiochloa Adamson & 
Sprague and Urochlaena Nees. These latter genera were 
subsequently removed to the Danthonieae of the subfamily 
Arundinoideae, together with Lintonia (Loxton 1976). 
However, Phillips (1974) moved Lintonia to the 
Eragrostideae which nowadays belongs to the subfamily 
Chloridoideae. Lintonia is, therefore, obviously a genus of 
controversial affinity with its taxonomic position apparently 
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not at all clear. For this reason a detailed anatomical study 
has been undertaken of L. nutans to help ascertain its true 
phylogenetic relationships. The uncertainty surrounding the 
taxonomy of this genus is unsatisfactory and any study 
which helps to elucidate this problem should prove to be 
a valuable contribution to the taxonomy of Lintonia. 
Materials and Methods 
Plants of L. nutans were collected in the Sa tara area of the 
Kruger National Park in the eastern Transvaal during the 
summers of 1981 and 1982. Herbarium voucher specimens 
were prepared for verification by the National Herbarium 
after segments of leaf blade material had been removed and 
fixed in FAA (Johansen 1940). 
Transverse sections, lOJ.t thick, were prepared after 
desilicification in 300Jo hydrofluoric acid (Breakwell 1914), 
dehydration using the method of Feder & O'Brien (1968) 
and infiltration and embedding in Tissue Prep (Fisher Scien-
tific). The sections were stained in safranin and fast green 
(Johansen 1940). The manual scraping method of Metcalfe 
(1960) was used to prepare scrapes of the abaxial leaf epider-
mis. These were double-stained in methylene blue and 
ruthenium red. The anatomical structure was recorded 
photographically using a Reicherdt Univar microscope and 
IIford Pan F film (ASA 50). 
After recording and describing the leaf anatomy of L. 
nutans, anatomical comparisons were made with over 700 
southern African grass species from a collection of over 
4 000 specimens all prepared by the same method. In this 
way an attempt was made to establish the true relationships 
of this species. Voucher specimens of species commented 
on, are included below: 
Specimens examined anatomically. Voucher 
specimens filed in the National Herbarium (PRE) 
Lintonia nutans Stapf 
TRANSVAAL.- 2430 (Pilgrims Rest): Driekop, near Burgersfort ( - CB), 
Bond 3. 2431 (Acornhoek): Msasane windmill, 6 km E of Sa tara 
Rest camp, Kruger Nat. Park (- BD), Ellis 3544, 3545, 3547, 3866. 
Chloris gayana Kunth 
S.w.A-1723 (Siambisso): Sangwale, E. Caprivi ( - BC), Ellis 331. 1724 
(Katima Mulilo): Katima Mulilo ( - AD), Ellis 3746. 
TRANSVAAL.-2528 (Pretoria): Zoutpan Crater ( - A C), Ellis 1762. 2628 
(Johannesburg): Olifantsfontein ( - AB), Ellis 1385. 2630 (Carolina): 
24 km from Badplaas on road to Carolina (- AB), Ellis 1534. 
NATAL.-2731 (Louwsberg): 14 km from Pongola on road to Magudu 
( - DA), Ellis 3356. 3030 (Port Shepstone): Izotsha (- CB), Ellis 738. 
CAPE.-3227 (Stutterheim): Amabele ( - DA), Ellis 296; Komga ( - DB), 
Ellis 288. 3228 (Butterworth): Mazeppa Bay (- BC), Ellis 275. 
Chloris mossambicensis K. Schum. 
TRANSVAAL.-2431 (Acornhoek): Msasane windmill, 6 km E of Satara 
Restcamp, Kruger Nat. Park (- BD), Ellis 3541, 3865. 
NATAL.-2732 (Ubombo): Nsumu Pan, Mkuze Game Reserve (- CB), 
Ellis 3637. 
Chloris roxburghiana Schult. 
ZIMBABWE.- 2130 (Nuanetsi): Between Bubye and Lundi rivers, Fort 
Victoria (- DA), Ellis 1307. 
TRANSVAAL.-2231 (Pafuri): Pafuri ( - AC), Ellis 3215, 3860; Puncta 
Milia (- CA), Ellis 1890; Babalala Picnic Place (- CC), Ellis 1895. 2331 
(Phalaborwa): Shingwidsi (- AB), Ellis 542. 
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Chloris virgata Swartz 
S.w.A.-1724 (Katima Mulilo): Katima Mu1ilo (-AD), Ellis 3678. 2118 
(Steinhausen): Gobabis District (-DB), To/ken 5472. 2518 (Tses): 
Bruckaros River, between Keetmanshoop & Mariental (- CA), Ellis 920. 
TRANSVAAL.-2229 (Waterpoort): Wylliespoort, Louis Trichardt 
( - DD) , Ellis 1933. 2428 (Nylstroom): Nylsvley, Naboomspruit ( - DB), 
Ellis 2016. 2431 (Acornhoek): Munywini area, Kruger Nat. Park (- DD), 
Ellis 103, 114. 
NATAL.-2729 (Volksrust): Clontarf Railway siding, Newcastle ( -DB), 
Ellis 35. 2830 (Dundee): Kranskop (- DD), Ellis 75. 
CAPE.-3028 (Matatiele): Quachas Nek ( - DB), Ellis 249. 
Results 
A brief anatomical description of L. nutans will be given 
using the terminology of Ellis (1976, 1979). The following 
abbreviations will be used: 
vb/s - vascular bundle/ s 
l'vb/ s 
3'vb/ s 
ibs 
obs 
cz/s 
icz/s 
- first order vascular bundle/ s 
- third order vascular bundle/ s 
- inner bundle sheath; mestome sheath 
- outer bundle sheath; parenchyma sheath 
- costal zone/ s 
- intercostal zone/ s 
Leaf anatomy of L. nutans 
Leaf in transverse section. Leaf outline variously V -shaped; 
no adaxial ribs and furrows; slight abaxial undulations 
associated will all vbs (Figures 4 & 5). Keel well developed 
with adaxial parenchyma and with 1 1 'vb and 8-10 3'vbs 
abaxially located (Figure 2). 9 1 'vbs present in section with 
5-6 3'vbs between consecutive 1 'vbs (Figure 1); all vbs 
situated in centre of blade. 1 'vbs surrounded by a double 
bundle sheath (Figures 4 & 5); ibs complete, consisting of 
small cells with inner tangential walls markedly thickened; 
obs of 1 'vbs with abaxial interruption and adaxial cells col-
ourless (Figures 4 & 5) but obs of 3'vbs entire; obs cells in-
flated and irregular in size and shape with adaxial and lateral 
cells tending to be elongated, particularly in 3'vbs; obs with 
specialized chloroplasts with a tendency to centrifugal loca-
tion. Abaxial sclerenchyma girders associated with all 
bundles - minute girders present adjacent to 3'vbs and nar-
row, but wide, trapezoidal girders adjacent to 1 'vbs (Figures 
4 & 5); similar adaxial sclerenchyma development but only 
strands present. Lateral 1 'vb with well developed adaxial 
sclerenchyma girder (Figure 3) which gives margin character-
istic form. Chlorenchyma radially arranged and consisting 
of a single layer of cells (Figures 4 & 5); mesophyll groups 
separated by uniseriate girders of colourless cells which may 
possess a few chloroplasts. Bulliform groups well developed 
with markedly inflated central cell (Figures 4 & 5); thickened 
cuticular papillae on abaxial epidermis. 
Abaxial epidermis. Long cells of icz rectangular with 
moderately undulating horizontal anticlinal walls (Figure 
9); iczs 5-7 cells wide. Stomata usually tall, dome-shaped 
(Figure 9) with the apex tending to be evaginated into a point 
(Figure 7); usually 2 rows of stomata per icz; adjoining czs; 
interstomatal long cells similar to icz long cells; 1 between 
successive stomata. Single papillus on distal end of each icz 
long cell (Figures 6- 9); thickened, cuticular but inflated; 
not overlapping adjacent cells. Prickles and hooks absent 
on abaxial epidermis of all specimens studied; prickles pre-
sent on adaxial epidermis (Figure 5). Micro-hairs common, 
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short, bicellar (Figures 6- 9); distal cell larger and more in-
flated than basal cell; typically chloridoid. Macro-hairs ab-
sent. Silica bodies in czs; saddle-shaped (Figures 6- 9); alter-
nate with single costal short cell in alternating files 
throughout czs; czs adjacent to 3'vbs of 3 files of cells and 
adjacent to I 'vbs of 7-9 files. 
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Discussion 
On the basis of leaf anatomy, the subfamily Chloridoideae 
can be briefly diagnosed as follows: micro-hairs egg-shaped; 
double bundle sheaths; radially arranged chlorenchyma 
cells; silica bodies variable but round, square, cruciform, 
saddle or dum bell-shaped; horizontally orientated; stomatal 
Figures 1 - 5 Lintonia nutans, leaf blade in transverse section. I. Ellis 3545, x 100. 2. keel, Ellis 3547, x 100. 3. lea f margin , Ellis 3544, x 250. 
4. Ellis 3544, x 400. 5. Ellis 3866, X 400. 
Figures 6-9 Lintonia nutans, abaxial epidermis . 6. Ellis 3544, x 400. 7. Ellis 3866, x 400. 8. Ellis 3544, x 650. 9. Ellis 3545, x 650. 
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subsidiary cells usually triangular, but may be domed; long 
cells with undulating walls (Renvoize 1981). In all respects 
Lintonia nutans conforms with this diagnosis and appears to 
be correctly placed in the Chloridoideae. This study is, 
therefore, in agreement with Phillips (1974) but does not 
corroborate the decision of Loxton (1976) to place Lintonia 
in the Arundinoideae. 
The tribe, within the Chloridoideae, to which Lintonia 
should be assigned is also still not certain. Phillips (1974, 
1982) has placed Lintonia in the Eragrostideae but does 
note, however, that Lintonia (and Bewsia Goossens) is ex-
ceptional in not having awnless lemmas or, if awned, not 
being awned from the tip. The awn of Lintonia arises from 
the back of the lemma below the tip. Phillips (1982) con-
siders Lintonia, together with Tetrachne Nees and En-
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toplocamia Stapf, to be peripheral members of the 
Eragrostideae. The several-nerved lemmas, and particularly 
the presence of sterile lemmas below the fertile florets serve 
to distinguish these genera from the main bulk of the 
Eragrostideae. In view of this taxonomic uncertainty the 
anatomy of Lintonia was compared with that of the other 
South African representatives of the Chloridoideae. 
This comparison revealed that the leaf anatomy of Lin-
tonia closely resembles that of some members of the genus 
Chloris Swartz of the tribe Chlorideae. The leaf anatomy 
of Chloris gayana Kunth, C. virgata Swartz and C. mossam-
bicensis K. Schum. is illustrated in Figures 10-20 and 
Figures 21-26 and visual comparison with Figures 1-5 
and Figures 6-9, illustrating the anatomy of L. nutans, 
shows the almost identical anatomy of these four species. 
Figures 10- 20 Leaf blade anatomy of some members of the genus Chloris. 10 - 12. Chloris gayana. (I 0. Ellis 1762, x 60. II. Ellis 296, x 100. 
12. Ellis296, x400.) 13-14. Chloris virgata, Ellis249. (13 . xiOO 14. x400.) 15-20. Chlorismossambicensis. (15 . Ellis3637, xiOO. 16. Ellis 
3865, x 100. 17. Ellis 3865, x400 . 18. Ellis 3637, x400. 19. leaf margin, Ellis 3637, x400. 20. leaf margin, Ellis 3541, x400.) 
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The keel of all these species is very similar and, depen-
ding on the degree of hydration of the leaf at the time of 
collection, can either be expanded as in Figure 2 or infolded 
and V-shaped as in Figures 10 & 16. This variation can oc-
cur in each species, although C. mossambicensis does tend 
to be more infolded than the other three species. The ar-
rangement and number of first order and third order 
vascular bundles are similar although C. gayana often has 
more extensive parenchyma development (Figure 10) and, 
consequently, an additional pair of first order bundles may 
become incorporated in the keel. Laterally, along the width 
of the blade, 5 or 6 third order bundles are present between 
consecutive first order bundles in these Chloris species 
(Figures 10, 11, 13 & 15) as well as in L. nutans (Figures 
1 & 2). 
The structure of the leaf margin is characteristic of these 
Chloris species, and is a character shared with Lintonia but 
possessed by no other taxon in the Chloridoideae. In C. 
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gayana and C. virgata (Figures 11 & 13) an adaxial scleren-
chyma girder is fused to the two most lateral first order 
bundles, whereas in C. mossambicensis (Figures 19 & 20) 
and L. nutans (Figure 3) this sclerenchyma girder is 
associated with the ultimate lateral first order bundle only. 
This configuration of the leaf margin appears to be mean-
ingful taxonomically and is a specialization unique to several 
Chloris species and to Lintonia. This observation points to 
the affinities of Lintonia being with the Chlorideae and not 
the Eragrostideae. 
The detailed anatomy of these four species confirms and 
strengthens the indications of the general leaf outline. The 
vascular bundles, bundle sheaths and the mesophyll of Lin-
tonia (Figures 4 & 5) and of C. gayana (Figure 12), C. 
virgata (Figure 14) and C. mossambicensis (Figures 17 & 
18) are virtually identical. The outer bundle sheaths are of 
particular interest and special note should be taken of the 
shape of these cells and of the centrifugal location of the 
Figures 21-26 Abaxial epidermal structure of some Chloris species. 21 - 22. Chloris mossambicensis. (21. Ellis 3637, x 400. 22. Ellis 3865, x 400.) 
23 - 24. Chloris virgata. (23. Ellis 2033, x 400. 24. Ellis 920, x400.) 25-26. Chloris gayana . (25. Ellis 1762, x 400. 26. Ellis 1534, x400.) 
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specialized chloroplasts. In this respect L. nutans is more 
similar to these three Chloris species than is C. roxburghiana 
Schult. which has centripetally located chloroplasts in less 
inflated, fan-shaped outer bundle sheath cells (Ellis !977; 
Figure 12). It is, therefore, predicted that C. roxburghiana 
will be an aspartate-forming C4 species with high levels of 
NAD-malic enzyme, whereas, C. gayana (and predictably 
L. nutans as well) has been biochemically determined to be 
a PCK-type species (Gutierrez eta/. 1974). It is somewhat 
surprising, therefore, that L. nutans actually shares more 
anatomical and biochemical features with C. gayana, 
C. virgata and C. mossambicensis than do certain other 
Chloris species such as C. roxburghiana. 
Inferences that can be made from a study of the leaf in 
transverse section are, therefore, that Lintonia actually 
belongs to the Chlorideae and that it is very closely related 
to those Chloris species exhibiting a similar type of anatomy. 
Perhaps it should actually be accommodated in the same 
genus as these species. In this regard, it is significant that 
C. mossambicensis has only recently been transferred back 
to Chloris from the genus Tetrapogon Desf. (Renvoize 
1974). The species remaining in Tetrapogon display anatomy 
very similar to that of C. roxburghiana (Vigna! 1980) and 
a thorough reappraisal of the taxonomy of the genus 
Chloris, and related genera, appears to be necessary before 
a final decision regarding the classification of Lintonia is 
taken. 
The above indications are fully corroborated by an ex-
amination of the abaxial leaf epidermis. Micro-hair, papi!lus 
and silica body structure of C. gayana (Figures 25 & 26), 
C. virgata (Figures 23 & 24) and C. mossambicensis (Figures 
21 & 22) are virtually identical to those of L. nutans (Figures 
6- 9). The only noticeable difference between all four 
species is the presence of costal prickles in some C. gayana 
specimens (Figures 25 & 26). However, structurally similar 
prickles, but fewer in number, are present in all the other 
three species but are apparently restricted to the lateral parts 
of the leaf blade in association with the margin. As a result 
the presence of these prickles is not considered to be tax-
onomically significant. 
Conclusions 
Anatomical evidence confirms that L. nutans belongs to the 
Chloridoideae but indicates that the affinities of Lintonia 
lie with the Chlorideae and not with the Eragrostideae where 
it has been classified (Phillips 1982). Furthermore, 
anatomical indications are that L. nutans is extremely closely 
allied to some Chloris species and that no significant 
anatomical differences between C. gayana, C. virgata, C. 
mossambicensis and L. nutans were observed in this study. 
This resemblance is so strong in fact, that Lintonia appears 
to be congeneric with all the Chloris species exhibiting the 
PCK-type of anatomy and, as constituted at present, Chloris 
appears to be a heterogeneous group. The possibility of 
transferring C. roxburghiana, together with the other 
Chloris species with the NAD-me-type of anatomy, to other 
closely related genera, such as Tetrapogon, warrants con-
sideration. Separate, generic status for Lintonia does not 
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appear justified on the basis of this study. 
Further evidence for this conclusion is also forthcoming 
from the morphology and ecology of C. mossambicensis 
and L. nutans, in particular. At the southern extreme of 
the distribution ranges of both species, they are both 
restricted to very similar habitats and prefer heavy, black 
turf soils. Consequently, they often occur sympatrically and, 
in the author's experience, C. mossambicensis was always 
present where L. nutans occurred, but the opposite did not 
necessarily apply. In addition these two tufted, 
stoloniferous, glaucous perennials are virtually in-
distinguishable in the field in the vegetative state. The 
possibility that these two species are conspecific, therefore, 
also exists, and the anatomical evidence does not dispute 
this suggestion. A detailed systematic study of Chloris and 
closely related genera, together with Lintonia, appears to 
offer the only solution of this complex taxonomic problem. 
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